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XVl* New E:>:perimenis on the Ocular Sp0ra of Light and 
Colours. By Robert Waring Darwin, M D. ; communicated 
by Erafmiis Darwin, M D. F. R. S. 




Read Ma rch z 3 , 178 6. 

"HEN any one has long and attentively looked at a 
bright objeft, as at the fetting fun, on cloiing his ey^, 
or removing them, an image, which refembles in form the 
objeil he was attending to, continues fome time to be yifible : 
this appearance in the eye we fhall call the ocular fpedrum of 
thatobjea. 

Thefe ocular fpe£tra are of four kinds : i ft, Such as are 
owing to a lefs fenfibility of a defined part of the retina ; or 
fpeSlrafrom defeB of y^i^/%?. 2d, Such as are owing to a 
greater fenfibility of a defined part of the retina ; or j^^#rii 
from excefs offenfibHity. 3d, Such as refemble their obje£t in 
its colour as well as form ; which may be termed dkeSl ocular 
fpe£ira. 4th, Such as are of a colour contrary to that of their 
obje6; ; which may be termed remrfe ocular fpecir a. 

The laws of light have been moft fuccefsfully explained by 
the great Newton, and the perception of vifible objefts has been 
ably inveftigated by the ingeniousDr. Berkeley and M.Male- 
BRANCHE ; but thefe minute phaenomena of vlfion have yet been 
thought reducible to no theory, though many philofophers have 
employed a confiderable degree of attention upon them : among 
thefe are Dn Jurin, at the end of Dr, Smith's Optics; M. 
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^piHUSj in tlie Nov, Com. PetropoL V. lo. ; M. Beguelik^ 
in the Berlin Memolres, V. IL 1771 ; Mv d'Arcy, in the 
Hiftoire de TAcad. des Scienc. 1765 ; M. be la Hire ; and^ 
laftly, the celebrated M. de Buffon, in the Memoires de 
TAcad. des Scien. who has termed them accidental colours, as if 
fubjeded to no eftabhlhed laws, Ac. Par. 1743. M. p. 215. 

I muft here apprize the reader, that it is very difficult for 
diiferent people to give the fame names to various fhades of co- 
lours ; whence, in the following pages, fomething mufl be 
allowed if, on repeating the experiments, the colours here 
mentioned fliould not accurately correfpond with his own names 
t)f them. 



t. ACTIVfTY OF THE RETINA IN VISION. 

From the fubfequent experiments it appears, that the retinae 
is in an a<^ive not in a paffive ftate dming the exiftence of 
thefe ocular fpeftra ; and it is thence to be concluded, that alt: 
vifion is owing to thea6livity of this organ. 

1. Place a piece of red filk, about an inch fe diameter^ as m 
fig, I. (Tab. IX.) on a fheet of white paper, in a ftrong light 5 
look fteadily upon it from about the diftance of half a yard for a 
minute; then elofing your eyelids cover them with your 
hands, and a green fpe£trum will be feen in your eyes, refem- 
bling in form the piece of red filk : after fome time, this ^to^ 
trum will difappear and fhortly re-appear ;. and this alternately 
three or four times, if the experiment ia well made, till al 
length it vanifhes entirely. 

2. Place on a (heet of white paper a circular piece of blue 
filk, about four inches in diameter, in the funfhirie ; cover 
the center of this with a circular piece of yellow filk, about 

three 
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three loclies in diameter ; and the center of the yellow filk with 
a circle of pink filk, about two inches in diameter; and the 
center of the pink filfc with a circle of green filk, about one 
inch in diameter; and the center of this with a circle of in-, 
digo, about half an inch in diameter ; make a fmall fpeck with 
ink in the very center of the whole, as in fig. 2. ; look fteadily 
for a minute on this central fpot, and then clofing your eyes, 
and applying your hand at about an inch diflance before them, 
fo as to prevent too much or too little light from paffing 
through the eyelids, you will fee the mod beautiful circles of 
colours that imagination can conceive, which are moft refem- 
bled by the colours occafioned by pouring a drop or two of oil 
on a ftill lake in a bright day; but thefe circular irifes of co«- 
lours are not only different from the colours of the iilks above- 
mentioned, but are at the fame time perpetually changing as 
long as they exift. 

j. When any one in the dark prefles either corner of his 
eye with his finger, and turns his eye away from his finger, he 
will fee a circle of colours like thofe in a peacock*s tail : and a 
fudden flafh of light is excited in the eye by a ftroke on it* 
(Newton's Opt. Qu. 1 6,) 

4» When any one turns round rapidly on one foot, till he 
becomes dizzy and falls upon the ground, the fpedlra of the 
ambient objeds continue to prefent themfelves in rotation, or 
appeiar to librate, and he feems to behold them for fome time 
flill in motion. 

From all thefe experiments it appears, that the fpedira in 
the eye are not owing to the mechanical impulfe of light im- 
preffed on the retina, nor to its chemical combination with 
that oi^an, nor to the abforption and emiffion of light, as is 
obferved in many bodies : for in all thefe cafes the fpe£tra muft 

T t 2 either 
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either remaiti uniformly, or gradually diminifK ; and neither 
their alternate prefence and evanefcencG as in the firift experi* 
mentj nor the perpetual changes of their colours as in the 
fecond, nor the flafh of light or colours in the prcfled eye as 
in the third, nor the rotation or libration of the fpe£lra as in 
the fourth, could exift. 

It is not abfurd to conceive, that the retina may be flimu* 
Jated into motion, as well as the red and white mufcles which 
form our limbs and veffels; fince it confifts of fibreSi lifc^ 
thofe, intermixed with its medullary fubftance. To evince 
this ftrudlure, the retina of an ox's eye was fufpended in a 
glafs of warm water, and forcibly torn in a few places ; the 
edges of thefe parts appeared jagged and hairy, and did not 
contraft, and become fmooth like limple mucus, when it is 
diftended till it breaks ; which fhews that it confifts of fibres 5 
and this its fibrous conftruftion became ftill more diftin£t to th@ 
fight, by adding fome cauftic alkali to the water, as the ad- 
iiering mucus v/as firft eroded, and the hair-like fibres remained 
floating in the vefleL Nor does the degree of tranfparency of 
the retina invalidate the evidence of its fibrous ilru6lure, fince 
Leeuwenhoek has ihewn that the cryftalline humour itfelf 
confifts of fibres. (Arcana Naturae, V.i.p.yp.) 

Hence it appears, that as^the mufcles have larger fibres 
intermixed with a fmaller quantity of nervous medulla^ 
the organ of vifion has a greater quantity of nervous me- 
dulla intermixed with fmaller fibres; and it is probabley that 
the locomotive mufcles, as well as the vafcular-ones, of mi- 
crofcopic animals have much greater tenuity than thefe of the 

retina. 

And befides the fimilar lawSj, which will be &ewn in this 

Paper to govern alike the actions of the retina and of the 

mufcleS|> 
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m\ifclds , there are many other an alogies which exift between 
them* They are both originally excited into a£tIon by irrita'f 
tions, both ad nearly in the fame qnantity of.tlme,. are aiik# 
ftrengthened or fatigued by exertion, are alike painful if ex-i 
oited into aftion when they are in an inflamed ftate, are alik^ 
liable to paralyiis, and to the torpor of old age^ 



in Of SPECTRA FIOM DEFECT OP SENSIBILITY* 

^e retina Is not fo eajiiy emit id into aBion hy^ kfs irritatiomt 
sfterMving hen kteiy fu^jeMed to great en 

, I. When any one pafles from the bright daylight into a ^ 
darkened room, the irifea of his eyes expand themfelves to their- 
iitmofl: extent, in a. few feconds of time ; . but it is very long : 
before the optie. nerve, after having been ftimulated by the 
^greater light of the day, becomes fenfibk ofthe lefs degree of 
it in thcroom; and, if the room is not too obfcure^ the irifes 
will again contrail themfelves in fome degree, as the fen fin 
bility of the retina returns* 

a. Place about half an. inch fquare of white paper on a black 
hat, and looking fteadily on the center of it for a mioutej re« 
i:nove your eyes to a. flieet of white paper; and after a fecond 
or two a dark fquare will be feen on the white paper^ wliicli 
will, continue fome time.; A fimilar dark fquare will be feen in 
the clofed eye^ if light be admitted through the eye-lids* 

So after looking at any luminous obJ€;£t of a fmall fize, as 
at the fun, for a fhort time^ fo as not, much to fatigue the 
eyesj this part of the retina becomes lefs fenilble .to fmaller 
quantities of light; hence, when the eyes are turned on other 
kfa luminous parts of. the Iky^ a dark fpot is feen refembling 
J; iiie. 
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the (hape ojf the fun, or other lumiooiis objed which we la|| 
beheld This is the fource of one kmd of the dark- coloured 
mufca.voUtantes. If this dark fpot lies above the center of tha 
eye, we turn our eyes that way, expeding to bring it into the 
center of the eye, that we may view it more diftindly ; and iu 
this cafe the dark fpe£l:rum feems to move ypwards. If tlie 
dark fpedrum is found beneath the center of the eye, we pur* 
fue it from the fame motive, and it feems to move downwards* 
. This has given rife to various conjectures of fomething floating 
in the aqueous humours of the eyes ; but whoever, in attend- 
ing to thefe fpots, keeps his eyes unmoved by looking fleadilj 
at the corner of a cloud, at the fame time that he obferves the 
dark fpeftra, will be thoroughly convinced, that they have no 
motion but what is given to them by the movement of our 
eyes in purfuit of them. Sometimes the form of the fpedlrum, 
when it has been received from a circular luminous body, will 
become obloog ; and fometimes it will be divided into two cir- 
cular fpecftra, which is owing to our changing the angle made 
by the two optic axifes, according to the diftance of the clouds 
or other bodies to which the fpe£trum is fuppofed to be conti- 
guous. The apparent fize of it will alfo be variable according 
to its fuppofed diftance ; but whep fuch a fpedrum is received 
with only one eye, the other being covered, its form and num- 
ber are invariable. 

As thefe fpedra are more eafily obfervable when our eyes are ^ 
a little weakened by fatigue, it has frequently happened, that 
people of delicate conftitutions have been much alarmed at 
them, fearing a beginning decay of their fight, and have 
thence fallen into the hands of ignorant oculifts ; but I believe 
they never are a prelude to any other difeafe of the eye, and 
that it is from habit alone, and our want of attention to them^ 

7 that 



that we do not fee them oii all obje£ls every hour of our lives* 
But as the nerves of very weak people lofe their fenfibility, in 
the fame manner as their mufcles lofe their adivity, by a fmall 
time of exertion, it freqtiently happens, that fick people in the 
extreme debility of fevers are perpetually employed in picking 
fomething from the bed-cloaths, occafioned by th^ir miftaking 
the appearance of thefe mujc^ volit antes in their eyes* Benv£- 
HUTo Celini, an Italian artift, a man of ftrong abilities, re- 
lates, that having pa0ed the whole night on a diftant mountain 
with fome companions and a conjurer, and performed many 
ceremonies to raife the devil, on their return in the morning to 
Rome, and looking up when the fun began to rife, they fa w 
numerous devils run on the tops of the houfes, as they paffed 
along; fo much were the fpe£lraof their weakened eyes mag- 
nified by fear, and made fubfervient to the purpofes of fraud 
or fuperftition, (Life of Ben* Celinl) 

3. Place a fquare inch of white paper on a large piece of 
Uraw-coloured filk ; look fteadily fome time on the white 
paper, and then move the center of your eyes on the filk, and 
a fpearum of the form of the paper will appe^ on the filk, 
of a deeper yellow than the other part of it : for the central 
part of the retina, having been Ibme time expofed tothe ftimu- 
lus of a greater quantity of white light, is become lefs fenfible 
to a fmaller quantity of it, and therefore fees only the yellow 
rays in that part of the ftraw- coloured filk* 

Faflts fimilar to thefe are obfervable in other parts of our 
iyftem t thus, if one hand be made warm, and the'other ex- 
pofed to the cold, and then both of them immerfed in fubtepid 
water, the water !s perceived warm to cr,e hand, and cold t» 
the other ; and we are not able to hear weak founds for fome: 
lime after we have been expofed to loud ones i a^id we feci a 

chiliin^ 



3^0 Dr. D AR wiN*s E^permmts on ihe 

chiillnefs Oil coming into an atmofphere of temperate warmth, 
after having been fonie time confined in a very warm room : 
and hence the ftomach, and other organs of digeftion, of 
thofe who have been habituated to the greater ftimnlns of fpi- 
rituous liquor, are not excited into their due adion by the lefs 
ftimukis of common food alone; of which the immediate con- 
fequence is indigeftion and hypochondriacifiji^ 



in. OF SPECTRA FROM EXCESS OF SENSIBILITT. 

^he ret ma is more eafily exctUd into a Si ion by greater irritation 
qfter having Been lately Ju^eSled to lefs^ 

J. If the eyes are clofedj and covered perfectly with a hat, 
for a minute or two, in a bright day ; on removing the hat a 
red or crimfon light is ieen through the eye-lids^ In this ex- 
periment the retina, after being fome time kept in the dark, 
becomes fo fenfible to a fmall quantity of light, as to perceive 
diftinMy the greater quantity of red rays than of others which 
pafs through the eye-lids. A fimilar coloured light is feen to 
jpafs through the edges of the fingers, when the open hand is 
oppofed to the flame of a candle. 

2. If yom look for fome minntes fteadily on a window In 
Ihe beginning of the evening twilight, or in a dark day, and 
then move your eyes a little, fo that thofe parts of the retina, 
on which the dark frame-work of the window was delineated, 
jmay now fall on the glafs part of it, many luminous lines, 
reprefenting the frame -work, will appear to lie acrofs the glafs 
panes: for thofe parts of the retina, which were before leaft 
ftimulated by the dark frame- work, are now miore fenfible ta 

light 
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Eglit thitj thei othei^ prts of the retina which wem^expofeij to 
the R^ore liii^iTOUs parts of the window* 

3, Mak^ with ink on white paper a very black (pot, about 
half an inch in diameter, with a tail about an inch in length, 
fo as to reprefent a tadpole; look fteadily for a minute on this 
ipot, an4 Qa naoving the eye a little, the figure of the tadpole 
will be feen on the white part of the paper, which figure of 
the tadpole will appear whiter or more luminous than the other 
parts of the white paper; for the part of the retina on which 
the tadpole was delineated, is now more fenfible to light tham 
the other parts of it, which were expofed to the white paper. 
This experiment is mentiQned by Dr. Irwin, but is not by 
him afcribed to the true caufe, namely, the greater fenfibility 
i3f that part of the retina which has been expofed to the black 
ipot, than of the other parts which had received the white 
field of paper, which is put beyond a doubt by the next expe- 
riment. 

4. On clofing the eyes after viewing the black fpot on th© 
white paper, as in the foregoing experiment, a red fpot is fee a 
of the form of the black fpot : for that part of the retina, on 
which the black fpot was delineated, being now more fenfible 
to light than the other parts of it, which were expofed to th^ 
white paper, is capable of perceiving the red rays which pene- 
trate the eyelids. If this experiment be made by the lights pf 
a tallow candle, the fpot will be yellow inftead of red ; for 
tallow candles abound much with yellow light, which paiTes 
in greater quantity and force through the eyelids than blue 
light ; hence the difficulty of diftinguifliing blue and green by 
this kind of candle light. The colour of the fpedrum may 
poflibly vary in the day light, according to the different colour 
of the meridian or the morning' or evening light. 
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M. BE<5UELiN,m the Berlin Memolres, V. II. 177I5 obfer^^^^^ 
that, when he held a book fb th^t the fun ihone upon his 
half clofed ^yelids^ the black letters, which he had long in- 
fpe£led, became red, which muft have been thus oecafioned. 
Thofe parts of the retina which had received for foti^ time 
the hhck letters^ were fo much more fenfible than thofe parta 
which had been oppofed to the white paper,, that to the former 
the red light, which palled through the eyelids, was percepti* 
ble. There is a fimilar ftory told, I think, in M. de Vo>lt aire's 
Hiftorical Works, of a Duke of Tulcany, who was playing 
at dice with the general of a foreign army, and, believing he 
faw bloody fpots upon the dice, portended dreadfulevents^ and 
rerirecf in confttiion. The obferver, after looking for a minute 
on the black fpots of a d'iej and careleflly clofing his eyes, on 
a bright day, would fee ihe image of a die with red fpots upQii 
k, as above explained; 

5. Gn emerging from a dark cavern, where we have long 
-cdnthiued, thelight of a bright day becomes intolerable to the 
eye for a confiderable time, owing to the excefs of fenfibility 
exiting in the eye, after having been long expofed to^ little ox* 
no ftiipulus. This occafions us V^medi^ately to contra^: the 
iris to its fmalleft aperture, which becomes again gradualliy 
dilated, as the retina becomes accuftomedt^ the gi:eater ftimulus 
of the daylight. 

The twinkling of a bright liar, or of a- diftant candle in the 
night, is perhaps, owing to the fame caufe. While we con- 
tinue to Idok upon thefe luminous obje£ls, their central parits, 
gradually appear paler, owing to the decrealing fenfibility of 
the part of the retina expofed to their light;: whilft, ^t the 
fame tinae„ by the uufieadinefs of the eye, the edges of them 
are jperpetually foiling on parts of the retina tliat were juil 

before 
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before cxpofed to the darkiiefs of the Dight, and therefore ten- 
fold more fenfible to light than the part on which the ftar of 
candle had been for fome time deUncated. This pains the eye 
in a ilmilar manner as when \ve come fuddenly from a dark 
room into bright daylight, and gives the appearance of bright 
fcintillations. Hence the ftars twinkle moil when the night is 
darkeft, and do not twinkle through telefcopes, as obferved' by 
MusscHENBROECK ; and it will afterwards be feen why this 
twinkling is fometimes of different colours when the object is 
very bright, as, Mr, Melvill obferyed in looking at Sirius, 
For the opinions of others on this fubjefl, fee Dn Priestley*s 
valuable Hiftory of Light and Colours, p. 494. 

Many fadls obfervable in the animal fyftem are fimilar to 
thefe; as the hot glow occafioned by the ufual warmth of the 
air, or our cloaths, on coming out of a cold bath ; th^ pain of 
the fingers on approaching the fire after having handled fnow ; 
and the inflamed heels from walking in fnow. Hence thofe 
who have been expofed to much cold have died on being 
brought to a fire, or their limbs have become fo much in- 
flamed as to mortify. Hence much food or wine given fud- 
denly to thofe who have ^Imoft perifhed by hunger has de^ 
ftroyedthem; for all the organs of the famifhed body are now 
become fo much more irritable to the ftimulus of food and 
wine, which they have long been deprived of, that inflamma-* 
tion is excited, which terminates in gangrene or fever. 
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Jt quantity qf ^mu/us p0^eW^Mf gteaier Wim WMHl^Mtm 
fh- ret ma into Jfajmdlc aSlion^ wh^ch mafis in afiWpcbnBs. 

K certain xiuratioa an:H dneiigj^ xd^ tfce ftknulm of light an J 
f oltinrs excites the perfect a^ion of; the retina in vlfion. ; fbi3 
teryq^ick motions are inxperceplibie to us^ as well as vary 
flow onas, as the whirling of a top, or the fliaiow on a fun^ 
iial. So per fen darfcftel^ ^bes not afie(0: the eye. at all ; ani 
excels of light produces pain, not vifion*^ 

t^ When a fire-cod is whirled round invthe dark,.a lucii 
circle remains^ a confiderable tinae iiv the eye ; : and that with i(> 
jnGiueh vivacity of lights that it is miftaken fer a continuance of 
the iMtation of the o^eO:. Iti the famine manner, when ^ 
fiery meteor fhootsacrdfs the night, it appears to lea^e a long 
Incid train behind^ it, part of which^ and perhaps ibmetlmes- 
the whole, is owing to the eontimiiance of the a£fcion of the retina 
after having been thns vividly excited. . This is beautifully. 
iHuftfated by the followit^ exjlerim^it : fe a paper fail, three 
or four inches, in diameter, and made like that of a imoke jack^ 
in a tube of pafteboard; on looking through the^ tube at a: 
diflant profpe£t, fome disjointed parts of it will be feen 
through the narrow intervals be^een the fails ; but as the fly^y 
begins to revolve, thele intervals appear larger i and when it 
revolves quicker^ the whole profpe£t is feen qpite as diflin£fei 
as if nothing intervened,, though lefs luminous* 

2* Look through a dark tube, about half a yard long, at 
the area of a yellow circle of half an inch diameter^ Iji^g 
*isj)on a blue aiea of double that diameter^ for half a minute; 



m3 in ellfing ymt ^es tka cdIoujps of tbeipeSriim will af^ear 
iteiikr to the two iir^is^ at^^ 1^ 3. ;riiut if the eya Is kept 
Md l^ilg ypofi tteem^ fliexucolwii^s iofotlie ^IpeSrafe wil ber tte 
fiv^tie €^f tfeofe -uplJii th^ pa{^»5f^ ikat k^ theHiriterttalckale 
#M1 fcecome Mno^ ^nd tbe ^tetnal arm yeMow :j beiice ibme^ 
*tiaiitl0ri is f aqiiiied in tiaakiiag#ds e:^eijiiin^nts 

J. Plaee tife bitghtc^aifi^ # a:' ^^KiB^eti niajadld iiefoi^ a 
Ifack dl|e<9; in the^tiigfet ; Aofcp ffeadtl}^ tst itiibna MortMnm^ 
til it is^^feifv^d * to bmome ld)niiim^hat Jiafa ; and 5 orf eldlmg 
the eyes, and covering them carefully,: biitliiotfe as to co^^ 
th^m, the im;age of the hMin^ caiDi^c^il^ietetimie diffin^ 
to be vMblei 

4. Look ileadifyi for a ihort Mii!i4 ^^t: A 1 viiwKw .mm iarfc 
<iay, as in Expv 2^* S* im. md then ? dofing yoitr eyes, an^ 
covering theto ivith ydtir b^df , aain <exi<^^liiieatldn of rtbe^ 
window rfeniiin^s idB feme^ time vMl)le m the eye. iThisr'^pe* 
iimehtreq^fes a little pra<S^ IUffuffcee^i^ell; iince» 

if the eyes are fatigiied by looking too l(Mg«¥the window,, or 
the day be too bright^ the luminous parts of the window will 
appear dark in the ipeitrurn, and the darkparts of jthe frame- 
work will appear lumiiiou^'xasi Exp. 2. S^^iiir Arid it is 
even difHcnlt for. many, whoilrft try this es^periment^ to per- 
ceive the fpe£lfum at all ; for any hurry of mind, or even too 
great attention to the fpeHrum itf^li will^ disappoint it hem , till 
they have hadia lltle ^xperknief w^^^ 
leniations. 

The (pe^ra d^forib^d int - tMs ffe£S:idn, t^^med=dlre£l ocular 
Ipedra, are produced without muehJ fkigue of^ the eye ; the 
Irritation of the luminous objed being ibon withdrawn, or ita 
Quantity of light being not fo great as to produce any degr^ of 
meafinefe m. . the. organ of viiion ; which diftinguifees them. 
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frora the next clafs of ocular ^^tBrZy whieh are the coilie* 
quence of fatigue. Thefe dire€!i fpedra are b^ft obferved iii 
fock ciircumftances that no ligbt^l^ut^ w 
object, wn fall upon the eye ; as in locking through a tube, 
of half a yard long, and an inch wide, at a yellow paper on 
the fide of a room, the dired fpe£trum was eafily produced oil 
clofing the eye without taking it from the tube: but if the 
lateral light is admitted through the eye-^lids, or by throwing 
the ipe£truni on : white paper, it becomes a reverfe ipedlruni, 
as will be explained below. 

The other feniesalfo' retain for a time the impreffions that 
have been made upon them, or the actions they have been ex-* 
cited into. So if/ a hard body is prel|e4 upon the palm of the 
hand, as is praftifed in tricks of legerdemain, it is not eafy to 
diftinguifh for a few leconds. whether it remains or is removed ; 
and taftes continue long ito e?:ift vividly in the mouth,, as the 
foioke of tobacco, or tb^rtafte of gentian,; after the fapid 
material is withdrawn* 

V. ^ quantity ofjllmulus fomexvhat greater than the lafimen* 
tlomd excites the retina intojpafhtodic adlion^ which ceajes and 
recuj^s alternately. 

I. On looking for a time on the fetting fun, fb as not 
greatly to fatigue the fight, a yellow fpeftrum is feen when 
the eyes are clofed and covered, which continues for, a time, 
and then difappears, and recurs repeatedly before it intirely 
vanifhes. This yellow fpedrum of the fun when the eye- 
lids are opened becomes blue ; and if it is made to fall on the 
green grafs, or on other coloured objeds, it varies its own 

colour 
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colour hf an interrnktui-e of theirs^ as will be hk^^ 
another place. 

2. Place a lighted fpermacetl candle in the night about one 
foot from your eye, and look fteadily on the center of the 
flame, till your eye beconaes |tii|ch rapre fa%ued tb^ in S. IV* 
Exp* ^. ; and on clpfing your eyes a reddiih fpedrum will bo 
f^rcei^ed, which will ceale and return alternately^ 

The a£lIon of vomiting in like manner ceafes^ and is 
renewed by intervals, although the. eaietic drug is thrown up 
with the firfti ^effort : fo after-pains continue iom^ time after 
partijrition; and the alternate pullatipnf pf the |jeart of a viper 
lire renewed far fonie tirae after it is cleared from its bloods 



VI. OF REVERSE OCULAR SFECTK A* 

^ he retina after having been emifid 4f^ aSiihn^ Jitmulm 
Jomewhat greater than the 10 mentimed fylh into appojite 
Jpafmodic aSihn^ 

The aif^ions of every part of anioial bodies n^ay be ad^an- 
tageoufly compared with each other. This fl:ri£it analogy con- 
tributes much to theinveftigation of tiuth ; while thofe loofer 
analogiesj which compare the phaenomena of aninial life with 
thofe of chemiftry or mechaniqs,^ only ferve to rniflead our 
inqiilnes. 

When any of our larger mufcles. have been, in long or in 
v^iolentaAion, and their antagpnifts have been at the fame 
time extended^, as foon as the aftion of the former ceafes, the 
limb is ftretched the cpntrary way for pur cafe, and a pairdicu- 
iation or yawning takes place. 



I B J tto Ml(SWkg^ olfei^atbas ^ rt a|>{iears, that a finiilar clf ^ 
cmnftance obtains in the organ of vifion ; afteii^ It has been 
fatigiaed hf one Mad of alion, it l|K)n|anbo^f|y I Mis iiito the 
bppolite kind; 

i .Place a piece of colMrai^filk, about^ an inc^ lia ^iiameter, 
oil ^^fheet of white papery ateut half a yard^ If cte youf ejre^i 
look fleadily tipon^ it <ft>i? a rotiltite ; then remove youi* eyes 
^poii another patt of Hihe -white paper^ and a fpedrum will be 
felt of tWe ferai of ^ the^ flfc t^iis inipedled^ btit of a colour 
oppbltte to M ;&• fpe€feriim ikettrl^ fimMar will appeab if the 
tyt^ ar^ db!(^, ind the eyeM|d§ fliaded by approaching th? 
hand^ near thete^ # as to perMlt fbnae but W prev:ent tc^ 
.much light falling on them. 

^Red .{ii|k.pr^(Juced . a gr^Q^ i^i^r^yiiji. 

Green produced a redone. 

<3lran^^p«Qip|^4 1#% 

iBlue pioc|tiee<J\ mmg/^K 

d^ellow produced violet» 
Wiolet produced yellow. 
That In thefe experim^ts the c<dilours of thfe fpe£tra are the 
treverfe of the .colours which occasioned them, may be feen 
iby examining the third figure in Sir Isaac Newton's Optics, 
Lf. IL p, !• where thole thin laminae of air, which reicded 
yellow, tranlmittedviMet; thole which refleded red, tranf- 
emitted a blue-green ; and fb of the reft, agreeing with the 
^experiments above related. 

2. Thefe reverie i^e8:ra are (imilar to a colour, formed by a 
combination of all the primary colours except that with which 
the eye has been fatigued in making the experiment : thus the 
reverfe fpedrum of red muft be fuch a green as would be pro- 
duced by a combination of all the other prifmatic colours. 

10 
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To eviiice tKis %B. tHe? ifellowing latisiu£tory experiment #a8 
made. Tlie prifmatic colours were laid 011 a circular pafteboard 
wheel, about four inches in dianaeter, in the proportions de^ 
icribed in Dr. Priestley's Hiftory of Light and Colours, 
pi. 12. fig. 83. except that the red compartment was intirely 
left out, and the others proportion ably extended fo as to com- 
plete the circle. Then, as the orange is a mixture of red and 
yellow, and as the violet is a mixture ol* red and indigo, it be- 
came riecefliry to put yellow on the wheel ihftead of orange, arid 
indigo inftead of violet, that the experiment intght more 
exa£tly quadrate with the theory it was defigned^to eftabliih or 
confute ; becaufe in gaining a green fpearum from a red ob« 
jed, the eye is fuppofed to have become infenfible to red light. 
This wheel, by means of an axis, w^as made to whirl like a 
top; and on its being .put in motion, a green colour %vas pro* 
duced, correfponding with great exa6tnefs to the reverfe fpec- 
trum of red. 

3. In contemplating any one of thefe reverfe fpe£lra in the 
clofed and covered eye, it difappears and re- appears feveral times 
fucceffively, till at length it intirely vanlfhes, like the dire£l: 
fpedra in fe£t. v. ; but with this additional circumftance, that 
when the fpe(3:rum becomes faint or evanefcent, it is inftantly 
revived by removing the hand from before the eyelids, fo as to 
admit more light : becaufe then not only the fatigued part of 
the retina is inclined fpontaneoufly to fall into motions of a 
contrary dire£tion, but being ftill fenlible to all other rays of 
light, except that with which it was lately fatigued, is by 
thefe rays at the fame time ftimulated into thofe motions 
which form the reverfe fpedrum. 

From thefe experiments there is reafon to conclude, that the 
fatigued part of the retina throws itfelf into a contrary moBe 
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of a<SloD5 like ofcitation or pandiculation, as foon as the illmii^ 
lus which has fatigued it is withdrawn ; and that it ftill re^ 
mains fenfibfe, that is, liable to be excited into adion bj any 
other colours at the fame time, except the colour with which 
it has been fatigued. 



Vii. T^he retina after havmg been excited Into aUlon iy ajimulus 
fomewhat greater than the laji mentioned falls into various 
fiicceffive fpafmodic aSiions* 

1. On looking at the meridian fun as long as the eyes can 
well bear its brightnefs, the difcfirfl: becomes pale, with a lumi- 
nous crefcent, which feems to librate from one edge of it to 
the other, owing to the unfteadinefs of the eye; then the 
whole phafis of the fun becomes blue, furrounded with a white 
halo; and on elofing the eyes, and covering them with the 
hands, a yellow fpedrum is feen,^ which in. a little time 
changes into a blue one. 

M. DE LA Hire obferved, after looking at the bright fun^ 
that the impreffion in his eye firftaffumed a yellow appearance, 
and then green, and then blue ; and wiihes to afcribe thefe 
appearances to fome afFcdlion of the nerves. (Porter field on 
the Eye, Vol. I. p* 343') 

2, After looking fleadlly on about an inch fquare of pink 
filk, placed on white paper, in a bright funfhine, at the dif- 
tance of a foot from my eyes, and clofing and covering my 
eyelids, the fpedrum of the lilk was at firfl: a dark green, and 
the fpeftrum of the white paper became of a pink. The 
fpedra then both difappeared ; and then the internal fpedrum 
was blue; and theo^ after a fecond difappearance^ became yellow^ 
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and laftly pink, whilft the fpeclrum of the field varied into red 
and green. 

Thefe fucceffions of different coloured fpeilra .were not 
exaftly the fame in the different experiments, though obferved, 
as near as could be, with the fame quantity of light, and 
other fimilar circumftances; owing, I fuppofe, to trying too 
many experiments at a time ; fo that the eye was not quite 
free from the fpeftra of the colours which were previoufly 
attended to. 

The alternate exertions of the retina in the preceding feftioiv 
r^fembled the ofcitation or pandiculation of the mufcles, as 
they were performed in direftions contrary to each other, and 
were the cpnfequence of fatigue rather than of pain. And 
in this they difJer from the fucceffive diffimilar exertions of 
the retina, mentioned in this fedion, which referable in mi- 
niature the more violent agitations of the limbs in convuKive 
difeafes, as epilepfy, chorea S. Viti, and opifthotonos ; all 
which difeafes are perhaps, at fir ft, the confequence of pain, 
and have their periods afterwards eflablifhed by habit. 



viii. T^he retina^ after having been excited into aBilon by aflmulus 
fomewhat greater than the laf mentioned^ falls' into a fixed 
fpafmodic adiion^ which continues for fome days. 

I , After having looked long at the meridian fun, in making 
fome of the preceding experiments, till the difcs faded into a 
pale blue, I frequently obferved a bright blue fpe£lrum of the 
fun on other objects all the next and the fucceeding day, which 
conftantly occurred when I attended to it, and frequently when 
I did not previoufly attend to it. When I clofed and covered 
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my eyes, this appeared of a dull yellow ; m^i ^totfier times 
mixed with the colours of other obje£ls on which kp^at 
thrown. It may he imagined, that this pait oi the mtin^ was 
become infenfible to white light, and thence a bluiilb fpeftruni 
became vifible on all luminous objedsi but as a yellowi(h fpec» 
trum was alio feen In the clofed and covered eye, there can 
remain no doubt of this being the fpeftrum of the fbn. A 
fimilar appearance was obferved by M. ^pinus, whkh ho 
acknowledges he could give no account o£ (Nov, Com. Fetrop* 
V. ID, p. 2. and 6.) 

The locked jaw, and fome cataleptic fpafms, are refombled 
by this phaenomenon; and from hence we may learn the da,n« 
ger to the eye by infpeiling very luminous obJe(£ls too long a 
time. 

IX. A quantity of Jlimulm greater than the preceMng induces 
temporary paralyfis of the organ of vifmn^ 

1. Place a circular piece of bright red filk, about half im 
inch in diameter, on ih^ middle of a iheet of white paper j 
lay them, on the floor in a bright funfhine, and fixing your 
eyes fteadily on the center of the red circle, lor three or^ four 
minutes, at the diftance of four or fix feet from the obje^, the 
red filk will gradually become paler, and finally ceafe to appear 
red at all. 

2. Similar to theie are many othei^ animal fa^s; as purges^ 
opiates, and even poifop^, and contagious matter, ceafe to 
ftimuiate our fyftem, after we have been habituated to their 
life. So fome people fteep undifturbed by a clock, or even by 
z forge hammer in their neighbourhood : and not only conti- 
nued irritationsj but violent exertions of any kind, are fucceede^ 

by 



by t^mfotmy |>a;ralyHs. Tte aAa ^rops down iaitet Vicd^irt: 
adidn, an3 continues for a tlitte liilelels; attd it is jprob^fclfe^ 
that thofe who have perifhed fuddehly in f\vimtoing, or ih 
fcating on the ice, ha^ owed th^r deaths to tha pafalyfis, or 
extreme fatignej which fbccefrds every violent and cofatiiiuied 
exertion. 



X. MISCELLANEOUS REMARKS. 



There were fome circumftanc^s occurred iii maMng thefe 
experiments, which were liable to alter the refults of them^ 
aod which I feall here mention for the affiftance of others^ wha 
may wilh to repeat 



r. Of dire Si and inverfe fftSlra exijUng at the fame iirne ; (^ 
reclfrocal dit edi fpe&fa i of a C(jfnMnation of direSi and inverfe 
fpeilra ; of a fpeSiral halo \ rt^ks ta pre-ditetrnihe the colours of 
fpeSlra^ 

a. When an area, about fix inches fquare, of bright pink 
Indian paper, had been viewed on an area, about a foot fquare^ 
of white writing paper, the internalfpefitrum in the clofed eyb 
was green, being the reverfe fpe^trumof the pink paper; and 
the external fpeftrum was pink, being the direct fpe6lrum of the 
pink paper. The fame cirGumftance happened when the in* 
ternal area was white, and external one pink ; that is, the 
internal fpedrum was pink, and the external one green* All 
the fame appearances occurred when the pink paper was laid 
on a black hat. 

b. When fix inches fquare of deep violet polifhed paper was 
viewed on a foot fquare of white writing paper^ the internal 
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{l^^^ix^^xxxv^^%;^d\ow]f being the reverfe fpe<^riim of the violet 
p^por^ and; tfiq external one was violet^ being the dtre£l fpec* 
trurn of t^^ violet paper. 

c. When fix incheslquare<)fpinKpaperwa^ viewed on^^ a 
fquare o£ blue paper, the internal fpedrum was blue, and the 
external fpeftrum was pink ; that is, the internal one was the 
dire6: fpeftrum of the external object, and the external one was 
thedire<5t fpeftrum of the internal objeft, inftead of their being 
each the reverie rpe£lrum of the obje£ls they belonged to. 

d. When fix inches fquare of blue paper were viewed oh a 
foot fquare of yellow paper, the interior fpe<3:rum became a 
brilliant yellow, and the exterior one a ^ brilliant iblue^ The 
vivacity of the fpeftra was owing to thelribeliiig excited both by 
the flimulus of the interior and exterior objects ; fo that the 
interior yellow fpeftrum was both the reverfe fpeflrum of the 
blue p^per, and the direct one of the yellow paper; and the 
exterior blue ipeftrum was both the reverfe fpe(9:rum of the 
yellow paper, and the direft one of the blue paper. 

e. When the internal area was only a fquare half-inch of 
red paper, laid on a fquare foot of dark violet paper, the in- 
ternal fpe^lrum was green, with a reddifli-blue halo. Whea 
the red internal paper was two inches fquare, the internal 
fpe£lrum was a deeper green, and the external one redder. 
When the internal paper was fix inches fquare, the fpeilrum 
of it became bkie^ and the fpe<Slrura of the external paper was 
red. 

fl When a fquare half-inch of blue paper was laid on a fix- 
inch fquare of yellow paper, the fpe6lrum of the central paper 
in the clofed eye was yellow, incircled with a blue halo. On 
looking long on the meridian fun, the difc fades into a pale blue 
furrounded with a whitifli halo* 

5 Thefe 



ocular SpeBra of Light and Colour u 235 

Thefe circumftances, though they very much perplexed the 
experiments till they were inveftigated, admit of a fatisfadory 
explanation; for while tJ^e rays from the bright internal ob- 
je£t in exp. a. fall with their full force on the center of the 
retina, and, by fatiguing that part of it, indue e the reverfe 
fpeftrum, many fcattered rays, from the fame internal pink 
paper, fall on the more external parts of the retina, but not ia 
fuch quantity as to occafion much fatigue, and hence induce 
the direct fpe£lrum of the pink colour in thof^: parts of the 
eye. The fame reverfe and direct fpe<3:ra occur from the violet 
paper in exp. /5. : and in exp, c. the fcattered rays from the 
central pink paper produce a dire(9t fpeStrum of this colour on 
the external parts of the eye, while the fcattered rays from 
the external blue paper produce a diredl fpe£lrum of that colour 
on the central part of the eye, inftead of thefe parts of the 
retina falling reciprocally into their reverfe fpe(3:ra. In exp, d.. 
the colours being the reverfe of each other, the fcattered rays 
from the exterior objeft falling on the central parts of the eye, 
and there exciting, their direct fpe£trum, at the fame time that 
the retina was excited into a reverfe fpeftrum by the central 
objed, and this direft and reverfe fped:rum beinp' of fimilar 
colour, the fuperior brilliancy of this fpe£trum was produced. 
In exp. e. the efFe£t of various quantities of ftimulus on the 
retina, from the different refpeftive fizes of the internal and 
ex;ternal areas, induced a fpeftrum of the internal area in the 
center of the eye, combined of the reverfe fpeiT: rum of that in- 
ternal area and the direft one of the external area, in various 
ihades of colour, from a pale green to a deep blue, with fimi- 
lar changes in the fpe<3:rum of the external area. Foi the fame 
reafons, when an internal bright object was fnallj as in exp.Jl 
inftead of the whole of the fpedrum of the external objed: 
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beingreverfe to the colour of the hiternal objed, only a kliid 
of halo, or radiatipn of colour, fimilar to that of the hiternal 
obj?£t, was fpread a little way on the external fgedrum. For 
this internal blue area bQiiig fo fmall, the fcattered rays from it 
extended but a little way on the image of the external area of 
yellow paper, and could therefore produce only a blue halo 
round the yellow fpeftrum in the center. 

If any one Ihould fufpeQ: that the fcattered rays from the 
exterior coloured object do not intermix with the rays from the 
interior coloured objeft, and thus affect the central part of the 
eye, let him look through an opake tube, about two feet in 
length, and an inch in diameter, at a coloured wall of a room 
with one eye, and with the other eye naked ; and he willfind,, 
that by (hutting out the laterallight, the area of the wall feen 
through a tube appears as if illuminated by the funfhine, com- 
pared with the other parts of it ; from whence arifes the advan- 
tage of looking through a dark tube at diftant paintings. 

Hence we may fafely deduce the following rules to determine 
before-hand the colours of all lpe£lra. i. Tbe direSi fpeSirum 
without any lateral light is an evanefcent reprefentation of its 
obje(5l in the unfatigued eye. 2. With fome lateral light it 
becomes of a colour combined of the direct ipe£lrum of the 
central obje£t, and of the circumjacent obje£ls, in proportion 
to their refpeftive quantity and brilliancy. 5. The reverfe 
Jpe^rum withont lateral light is a. reprefentation in the fatigued 
eye of the form of its objeds, with fuch a colour as would 
be produced by all the primary colours, except that of the ob- 
jeft. 4. With lateral light the colour is compounded of the 
reverfe fpe£lrum of the centrah object, and the direct fpeftrura 
of the circumjacent objects, in proportion to their refpedive 
quantity and brilliancy. 
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It. Variation and vivacity of th^fpeUra occafoned iy ^xtraneom 




The reverfe fpedrum, as has been before explained, is fimi- 
lar to a colour, formpd by a Gombiuation of all the primary 
colours, except that with which the eye has been fatigued in 
making the experiment : fo the reverfe fpe£trum of red is fuch 
a green as would be produced by a combination of all the other: 
prifmatic colours. Now it muft be obferved, that this reverfb 
fpe£lrum of red is therefore the direct fpe<3:rum of a combina^ 
tioil of all the other prifmatic colours^ except the red ; whence, 
on removing the eye from a piece of red filk to a ftieet of 
white paper, the green fpedlrum, which is perceived, rnay 
either be called tlie reverf? fpe£lrum of the red fiik, or the 
dire£t fpc£lrum of all the rays from the white paper, except 
the red; for in truth it is both. Hence we fee the reafon why 
it is not eafy to gain a dire£t fpedrum of any coloured obje£fe 
in the day-time, where there is mucH lateral light, except of 
very bright ebjeds, as of the letting fun, or by looking 
through an opake tube; becaufe the lateral external light 
falling alfo on the central part of the retina, contributes ta 
induce the reverfe fpe£lrum, which is at the fame time th|? 
dired fpe£trum of that lateral light, deducing only the colour 
of the central objeft which we have been viewing. And for the 
fame reafon, it is difficult to gain the reverfe fpe£lrum, wher^ 
there is no lateral light to contribute to its formation. Thus, 
in looking through an opake tube on a yellow wall, and doling 
my eye, without admitting any lateral light, the fpeflra were 
all at firft yellow ; but at length changed into blue. And on 
looking in the fame manner on red paper, I did at length get a 
Vol. LXXVL Y y green 
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green fpei5:rum ; but they were all at firft red ones % and tlie 
ikme alter Idokingat a candle ktfie nighfc 

The reverfe fpeftrum was formed with greater facility w^eii 
the eye was thrown from the objedl on a (heet of white paper^ 
or when light was admitted through the clofed eyelids j be- 
cauie iiot ^hly the fatigued part of thte retkia w'as inelui^l 
fpoiitaneoufflj^ i:o fall into motion a <^f a contrary -'dife<Elion^ but 
feguig^lliU feiifiBle to all other' rays - of Bght except thaff with 
i^hich it \^)^as lately fatigu^^ .was by thefe rays^ flimulatedlafi 
ihis fame time into thofe motions which form the reverfe fpec^ 
tifuni; H^ite,^ whe^^ fpe£feruni of My colour be«* 

tilLiiie faint, it ^as woiidei:fiH:l^ ireVived by admitting rruore light 
llifdugh'the eyelids^! By i^stiioking the hand firom before therii : 
ind^hfence, on covering the ^Ibfod'eyellds, the ^e£trum wouM 
6ltei^ ceale-for a titi^^ till the rettna becanae fenfible to the 
flitnulus of fehe IhiMer cjffintity^ li^tv and then it recurred^ 
Nbr tvas the f|)e:6trym^oiily changed -in ^iva^^ or in degree^, 
by this "admillioii^ of "li^li ' th&ugh the eyelids.^, but it fre- 
quently happened, after having viewed bright obje6:s, that the 
^eftrubi in the clofed and covei^ed eye was changed into athird^ 
i|)e6trtim, when ight vv as adlhitted through the eyelids: 
which third ipe£ferurn was compofed of fuch colours as couldl 
pais thi%ugh the eyelids, except fehofe of the objedv Thus^, 
when an area of half an inch dianieter of pink paper was. 
viewed on a fheet of white paper in the funChine,. the^lpe£}:rum 
with cldfed and covered eyes was green ;; but on removing the 
hands frb to before the clofed eyelids^ the fpe<3:rum became 
yellow, and' returned inftantly again to green> as often as the 
hands were appEed to cover the eyelids, or removedrfrem^ 
!them^ for the retina being now in fenlible to red- light, the 
yellow rays paffing through the eyelids in greater quantity 
uhan ihe other colours^ induced, a yellow fpedrum % whereas; if 
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the f|>e£tfTii*i was "thrown oii wliite pa|br, with the eyfes open, it 
tecam only 'a lighter green. 

Though %' certain quantity of light facilitated the ■ formation 
of the reverie fped rum, a greater qmiitity prevents its Mma- 
tibn, as the more pov/erfuL ftimulus excites ^vea the fatigued 
parts ^ of the eye into action f otherwife vsre" IMbuM- fee th^ 
£pe<E^rum of the laft viewed ohje<3: as ^often as We tiirm our 
eyes. Hence the reverfe fpeftra are heft feen by gracluaHy-ap- 
proaching the hand near the clofed eyelids ta a eertaia diftance 
only, vehich muft he varied with the brightnefs of the day, or 
the energy bf't^e/lpeftrum.^ Add to this, that all dark ipe(3:ra, 
as blatk/ blue, or green, if light be admitted throiigh the €i^ 
lids, after ^ they have been fbme time covered, give reddiflfi 
fpeAra, for tHe reafons given in fe(S; ML exp. i; 

From thefe circumftances of the ex^traneous light coinciding 
with the f|X)htanedus efforts of the fatigued retina to produce a 
reverie fpeSrum^ as was obferved before, it is not eafy to gaiii^ 
a dire<9: {{ie£lrum, except of obje€ts brighter than the ambient 
light; luch as a candle in the night, the fetting fun, or view^* 
ing a bright obje<!i through an opake tube ; and then the reverfe 
fpeftrum is inftantaneoufly produced by the admiffion of ibiiie 
external light ; and is as inftantly converted again to the direifl:* 
fpci^rum by the exelulion of it. Thus, on looking at the fet- 
ting fim, on doling the eyes, and covering them, a yellow 
ipeitmm is ieen, which is the dire£tfpedr^m of the letting 
fun ; but on opening the eyes on the Iky, the yelIo# 
l|>e<3:runi is immediately changed into a blue one, which 
is the reverie fpedrum of the yellow fun, or the dired Ipec- 
trnm of the blue Iky^ or a combiiiation of both And this 
is again transformed into a yelloW" one on eloiing the eyes, 
and fo recipfdcally, as quick as the motions of the opening 
aadciofiiAjg eyelids. Hence, when Mr. Mel v ill obferved 
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the icintUlatioa§ of the ftar Sirius to be ibmetlmes ccdowrec!^ 
;thefe were probably the dired fpeftriimof the blue ik j o^ .tl^e, 
parts of the retina fktlgued by the whke ligh of the Jl:?:^ 
(Effays Phyfical and Literary, p. 8i* V. 2>) 

When a dh-e£t fpedrum is thrown on colours darker than 
itfelfi it in ixe$ with them I as the yellow fpedrum of the 
ietring fbn^ thrown on the gre^n grafs, becomes a greener 
yelJpw^ B^t. wh§n a dired fpedruni is thrown on colours 
brighter, than itfelf, it becomes inftantly changed into the 
reverfe r %e£lrurn> which mixes with thofe brighter co* 
Joura. So the yellow fpedrum of the fetting inn thrown on 
the luminous iky becomes blue, and changes witli the colour 
or bnghtnefs of the clouds on which it appears. But the re* 
verfe fpedrum mixes with every kind of colour on which it is 
thrown^ whether brighter than itfelf or not : thus the reverfe 
fpe^ruin, pbtained by viewing a piece of yellow filk, when 
thro\vi>ron white paper was a lucid blue greeia ; when thrown 
on WackTurkey leather becomes a deep violet. And the ipec* 
trum of blue filkj thrown on white paper, was a light yel- 
low ; on black filk was an obfcure orange ; and the blue fpec- 
trum, obtained from orange-coloured filk, thrown on yellow;^ 
became a green, 

In thefe cafes the retina is thrown into adlivity or.fenfation 
by the ftimulus of external colours, at the fame time that it 
continues the adivity or fenfation which forms the fpe£tra ; in 
the fame manner a's the prifmatic colours, painted on a whirl- 
ing top, are feen to mix together, jWhen thefe colours of ex- 
ternal objeds are brighter than the dire£t fpedrum which is 
thrown upon them, they change it into the reverfe fpedrum, 
like the admifllon of external light on a dire<ft fpe£trum, as 
fxplained above* When they are dai'ker than the dired fpec* 
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trum, tbey mix with it, their weaker ftimulus being infuffi* 
cienl to induce the reverfe fpe£trum. 

III. Variatton of fpeSira in refpeB to number ^nd figure ^nd 

remijjton. 

When we look long and attentively at any bbjed, the eye 
cannot always be kept intirely motionlefsj hence, on infpe£t- 
ing a circular area of red filk placed on white paper, a lucid 
crefcent or edge is feen to librate on one fide or other of the red 
circle : for the exterior parts of the retina fometimes falling on 
the edge of the central filk, and fometimes on the white paper, 
are lefs fatigued with red light than the central part of the re- 
tina, which is conftantly expofed to it; and therefore, when 
they fall on the edge of the red filk, they perceive it more 
vividly. Afterwards^, when the eye becomes fatigued, a green 
fpeftrumin the form of a crefcent is feen to librate on one fida 
or other of the central circle, as by the unfl:eadinefs of the 
eye a part of the fatigued retina falls on the white paper ; and 
as by the increafing fatigue of the eye the central part of the 
filk appears paler, the edge on which the nnfatigued part of 
the. retina occafiohally falls will appear of a deeper red than 
the original filk, becaufe it is compared with the pale internal 
part of it. M. DE BuFFON in making this experiment obferved, 
that the red edge of the filk was not only deeper coloured than 
the originalfilk ; but, on his retreating a little from it, it be- 
came oblong, and at length divided into two, which muft have 
been owing to a change of the angle of the two optic axifes 
with the new difi:ance he obferved it at. Thus, if a pen is 
held up before a difl:ant candle, when we look intenfely at the 
pen two candles are feen behind it 1 when we look intenfely at 
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tii9 catitlle twm pmis are {een. IftHe figlrt be irriflieidjf 
time of bekolding the fun, e\ren though one eye wrly be ufed/ 
many images of the fun will appear, or luminous lines, when the 
eye is clofed. And as iome parts of thele will be^tnore vivid thart 
others, and fome parts of them will be produced nearer the 
center of the eye than others, thefe will difappear fooner than 
the others^; and hence the numhcr* and ffiape of thefe fpe£kra 
of the fan will continually vary, as'^ long as they exift. The 
caufe of fbme being more vivid than others, is the ni^eadiriefl 
of the eye of the beholder, fb^ that fbme -parts of the retina ^ 
have been longet expofed to the fiinbeam^; That fome parts 
of a complicated fpedrum fade and re^ttirn before iDther parts of' 
it, the following experiment evinces. Draw three concentric 
circles; the external one an inch and a half i# diameter, the' 
middle one an inch, and the internal one half ian inch ; colour 
the external and internal areas blue, and the remaining one 
yellow, as in fig. 4. ; after having looked iiibbut a minute on 
the center of thefe circles, 4n a hright light, the fpeftrnm of ' 
the external area appears €rft tn the clofede^l then the middia ' 
area, and laflly the central onej and then the central one difS^ 
appears, and -the others in inverted ordetv If cohcehtrfc circlet ' 
of more colours are added, it producesthe^eantiful ever thing* ^ 
ing fpedriim in fed. I. exp^ &• 

^ From hence it would feem, that the center of the #f e pro* 
duces quicker remillions of fpe£tra, owing perhaps to 'its 
greater fenHbility; that is, to its more energetic exertion^. 
Thefe remiffions of fpeftra bear fbme analogy to the tremor^ ^ 
of the hands, and palpitations of the heart, of weak peoflle t 
and perhaps a criterion of the flrength of any muftle or nerv^ 
may be taken from the time it can be contiriucd in exertion* 

3 ^^' 



iv. Fariatm trfJpeSira in refpe^ia^mMiMm^i the mfibiltty of the 
circulation qf the blood in the eye.. 

I. The iiieridiaa ar ev^aiilng 11^^^ in the- 

colours pf Come fpeftra ; for as the fun defcends, the red rays^, 
which are Iftfs refrmgibfo hj the convex atmofphere, abound 
in great quantity. Wheiice the %eltrum of the light? parts of 
^ ^indpw at ihis tirae^ or earfy m the morning, is red ; anci 
|)e^oi%^3 Wu§ d^ ^x earlier; and white in the 

meridi;an day ; and is alfb vari^le from the colour of the clouds^ 
or iky which are ©ppofed to^ the window,, 

%M All thefe experiments are liable to be GonfoundM^ if they 
axe made too foon after each other, as the remaining fpe<3:rum. 
will xmL with the new ones> Xhi? is a very troubtefbme cir-» 
qumftanae to painters, who are obliged to look long upon theiame^ 
colour; and in partiGular tQ/thofe whofe eyes> from natural de- 
feility, cannot long continue the fame kind of exertion*. For 
Ihe lame-reajfon, in^ making thefe experiments^ the refblt be- 
comes much varied i€ the eyes^ after viewing any abje<9:;, are 
removed on other obje£l& for but an inftant of time, before \ye 
cJofe them to view the fpe£lrum ;. for the light fromvtheobjeft,. 
of which .we had' only a tranfient view^. in the very time o£ 
dofing.our eyes a£bs as a flimulus on^the fatigued: i^tina^;. and 
for a time prevents the defired fpedtrum. from appearing, or 
mixes its^ own fpe£!:rum> witk it... Whence,, after the eyelids* 
are clofed, either a dark field, or fome unexpected colours, are 
beheld for a few feconds^, before the deiSred fpedtrum becomes^ 
diftinftly viiible. 

^, Tlie length of time taken up in viewing an obje<S^ of 
which, we are to oblerve the fpedrunv makes a great difference 
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in the appearance of the fpe<9:rum,, not only in Its vivacity, but 
in its colour ; as the dire6t:fpe^fum of the central objed,. or of 
the circumjacent onesc, and alfo the* reverfe fpe^ra of both, 
with their various combinations, as well as. the- time of their 
duration in the eye, and of their remiffions or alternations,, 
depend upon the degree of fatigue the retina is fubje<3:ed to^ 
The Chevalier d*Arcy conftrufted a machine by which a coal 
of fire was whirled round in the dark, and found, that when a 
luminous; body made a revolution m eight thirds of time, it 
prefented to the' eye a complete circle of fire ; from whenCe he 
concludes, that the impreffion continues on the organ about 
the feventh part of a: fecond, (Mem. de FAcad. des Sc* 
1765.)' This, however, is only to be confidered as the Ihorteft 
time of the duration of thefe direft fpe£lra ; fince in the fa- 
tigued eye both the dire<5l and reverfe fpeftra, with their 
intermiffions, appear to take up many feconds of time, and 
feem very variable in proportion to the circumftances of 
fatigue or energy." 

4. It fometlmes happens, if the eyeballs have been rubbed 
hard with the fingers, that lucid fparks are feen in quick mo- 
tion amidfl: the fpe£trum we are attending to. This is fimilar 
to the flaOies of fire from a ftroke on the eye in fighting, and 
is refembled by the warmth and glow which appear upon the 
ikin after friction, and is probably owing to an acceleration of the 
arterial blood into the, veflels emptied by the previous preffure. 
By being accuftomed to obferve inch fmall fenfations in the eye^ 
it is eafy to fee the circulation of the blood in this organ, i 
have attended to this frequently, when I have obferved my 
eyes more than commonly fenfible to other fpefl:ra. The 
circulation xn-^j be feen either in both eyes at a time, or only 
in one of them ; for as a certain quantity of light is neceflary 

to 
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to produce this curious ph^nomenoiij if one hand be brought 
nearer the clofed eyelids than the otherj the chxulation in that 
eye will for a time difappear. For the eafier viewing the circu- 
lation, it is fometimes neceffary to rub tlie eyes with a certaiti 
degree of force after they are clofed, and to hold the breath 
rather longer than is agreeablcj which, by accumulating more 
blood in the eye, facilitates the experiment ; but in general it 
may be feen diftlndly after having examined other fpe£tra with 
your back to the light, till the eyes become weary; then 
having povered your clofed eyelids for half a minute, till the 
fpe<ftrum is faded away which you were examining, turn your 
face to the light, and removing your hands from the eyelids, 
by and by again fliade them a little, and the circulation be- 
comes curioufly diftin6t. The ftreams of blood are however 
generally fctn to unite, which Ihews it to be the venous circu* 
lation, owing, I fuppofe, to the greater opacity of the colour 
of the blood in thefe veflels ; for this venous circulation is alfo 
much moreealily fmii by the microfcope in the tail of a tadpole* 

V, Farmtion of fpedira in refpeFi to dtftin^nejs and Jhe % with a 
new way of magni^ing ohje^Sls^ 

I. It was bejfbre obfbrved, that when the two colours viewed 
together were oppofite to each other, as yellow and blue, reel 
and green, &c, according to the table of reflections and trai: 
miffions of light in Sir Isaac Newton's Optics, B. IL fi 
3. the fpeara of thofe colours were of all others the moft bril^ 
liant, and heft defined; becaufe they were combined of the 
reverfe fpe£lrum of one colour, and of the dire<9: fpe8:rum of 
the other. Hence, in books printed with fmall types, or in 
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the minute graduation of thermometers^ or of clock- hcts^ 
which are to be feen at a diftance, if the letters or figures are 
Goloured with orange, and the ground with indigo; or the 
letters with red, and the ground with green; or any other 
lucid colour is ufed for the letters, the fpedrum of which is 
limilar to the colour of the ground ; fuch letters will be {tQi\ 
much more diflni£tly, and with lefs confufion, than in black or 
white: for as the fpeftrum of the letter is the fame colour 
with the ground on which they are {ttxi^ the unfteadinefs of 
the eye in long attending to them will not produce coloured- 
lines by the edges of the letters, which is the principal caufe of 
their confufion. The beauty of colours lying in vicinity to each 
other, whofe fpedra are thus reciprocally fimilar to each co- 
lour, is owing to this greater eafe that the eye experiences in 
beholding them diftinftly ; and it is probable, in the organ of 
hearing a fimilar circumftance may con ft it ute the pleafure of 
melody. Sir Isaac Newton obferves, that gold and indigo 
were agreeable when viewed together j and thinks there may 
be fome analogy between the fenfations of light and found. 
(Optics, Qu. 14*) 

In viewing the fpeflra of bright obje£ts, as of an area of red filk 
of half an Inch diameter on white paper, it Is eafy to magnify It 
to tenfold its fize : for if, when the fpe£trum is formed, you 
flill keep your eye fixed on the filk area, and remove it a few 
inches further from you, a green circle is (etn round the red 
filk: for the angle now fubtended by the filk is lefs than it 
was when the fpeftrum was formed, but that of the Ipeftrum 
continues the fame, and our imagination places them at the 
fame diftance. Thus when you view a fpe<Srum on a fheet of 
^hite paper, if you approach the paper to the eye, you may 
diminilh it to a point ; and if the paper is made to recede from 
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the .eye, the fpedrum will appear magnified in proportion to 
the diftance* 

I was furprlfed, and agreeably amiifed, with the following 
experiment. I covered a paper about four inches fquare with 
yellow, and with a pen filled with a blue colour wrote upon 
the middle of it the word BANKS in capitals, as in fig, 5. and, 
fitting with my back to the fun, fixed my eyes for a minute 
exadly on the center of the letter N in the middle of the 
word; after clofing my eyes, and ftiading them fomewhat 
with my hand, the word was difl:indly (qqix in the fpedrura 
in yellow letters on a blue field; and then, on opening my 
eyes on a yellowifli wall at twenty feet diftance, the magnified 
name of BANKS appeared written on the wall in golden cha^ 
rafters. 



C O N C L U S I OK. 

It was obferved by the learned iM* Salvages (NofoL me- 
thod. CL VIIL Ord. I.) that the pulfations of the optic artery 
might be perceived by looking attentively on a white wall well 
illuminated. A kind oi net- work, darker than the other parts 
of the wall, appears and vanifhes alternately with every pulfa- 
tion. This change of the colour of the wall he well afcribes 
to the compreffion of the retina by the diaftole of the artery. 
The various colours produced in the eye by the preiTure of the 
finger, or by a ftroke on it, as mentioned by Sir Isaac Ni w- 
TON, feem llkewife to originate from the unequal preffure on 
various parts of the retina. Now as Sir Iaaac Nev^ton has 
fhewn,, that all the different colours are refle£led or traofmitted 
by the laminae of foap bubbles, or of air, according to their 
different thicknefs or thinnefs, is it not probable, that the 
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efFed of the adivity of the retina may be to alter its thicknefs 
orthinnefs, ib as better to adapt jt to refleft or tranfmit the 
,coloui?s which ftimulate it into a£tion ? May not muiculair 
fibres exift in the retina for this purpofe, which may be lefs 
minute than the locomotive mtifcles of mlcrofcopic; animals ? 
May not thefe mufcular afltions of the retina conititute the 
ienfatlon of lights and colours ; and the voluntary repetitions 
of them, when the objed is withdrawn, conititute our me- 
tnory of them? And laftly, may not the laws of the fehfa- 
tionsof lighf, here inveftigated, be applicable to all our other 
fenfes, and much contribute to elucidate many phaenomena of 
anit^al bodies both in their healthy anddifeafed ftate; and thus 
render this inveftigation well worthy the attention of the phy* 
ician, the mietaphyfician, and the natural philofopher ? 

berby, November j, IJ^S^ 
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